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MethaneVolatile fatty acids (VFAs), comprising mainly of acetic acid and lesser quantities of propionic
and butyric acids, are generated when zoomass or phytomass is acted upon by acidogenic and
acetogenic microorganisms. VFAs can be utilized by methanogens under anaerobic conditions
to generate ﬂammable methane–carbon dioxide mixtures known as ‘biogas’. Acting on the
premise that this manner of VFA utilization for generating relatively clean energy can be easily
accomplished in a controlled fashion in conventional biogas plants as well as higher-rate anaer-
obic digesters, we have carried out studies aimed to generate VFAs from the pernicious weed
ipomoea (Ipomoea carnea). The VFA extraction was accomplished by a simple yet effective
technology, appropriate for use even by laypersons. For this acid-phase reactors were set, to
which measured quantities of ipomoea leaves were charged along with water inoculated with
cow dung. The reactors were stirred intermittently. It was found that VFA production started
within hours of the mixing of the reactants and peaked by the 10th or 11th day in all the reactors,
effecting a conversion of over 10% of the biomass into VFAs. The reactor performance had
good reproducibility and the process appeared easily controllable, frugal and robust.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Cairo University.Introduction
Ipomoea (Ipomoea carnea, also called I. ﬁstulosa) is among the
most dominant and harmful of the weeds that have infested theworld’s tropical and sub-tropical regions [1,2]. It is an ever-
green, ﬂowering, shrub with height ranging from 1.1 to 3 m
and stem diameter between 1.5 and 6 cm. It was initially used
to make fences but has become very widespread owing to its
hardiness, high reproductive success, and very fast rate of
growth [3,4]. Its rampant colonization of landmasses and
shallow wetlands has proved disastrous in terms of loss of bio-
diversity, loss of nutrients, and other forms of ecodegradation
[5–7].
The weed is so hardy and resilient that it is able to success-
fully resist all attempts to control it by chemical weedicides or
biological agents [8]. Finding a means by which ipomoea can
be gainfully utilized appears to be the only way by which it
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keeping it under some control. Toward this objective efforts
have been made to utilize ipomoea as a source of paper pulp
[9], biosorbents [2], chemicals [10–12], drugs [13–15], and latex
[16]. However, none of these efforts have been economically
viable or have shown any potential for large-scale utilization.
About 70% of the biomass contained in ipomoea is due to
its leaves and ﬂowers. In the past attempts have been made to
utilize these parts of ipomoea as a possible feedstock for
generating ﬂammable biogas in anaerobic digesters; for exam-
ple [17] admixed ipomoea with distillery waste-water to make
feedstock for anaerobic digestion. Ipomoea does yield biogas
upon anaerobic fermentation [18,19] but no anaerobic digester
can be sustainably operated if fed with ipomoea (or any other
weed) even in chopped or crushed form because of the follow-
ing reasons:
(a) Ipomoea cannot be fed to the conventional ﬁxed-dome
and ﬂoating-dome biogas digesters, of the type which
are extensively used in most of the third world countries
[20–22] to generate biogas from animal dung-water
slurry. This is because the weed does not ﬂow out of
the digester exit along with water, as the animal dung-
water slurry does, but, instead, accumulates in the diges-
ter to eventually clog it. Even when fed as partial feed
supplement along with animal dung slurry, the weed
eventually clogs the digesters [23–25].
(b) Shredding or mincing of the weed prior to charging does
not help either; it makes feeding easy but also leads to
equally quick formation of scum which badly clogs
the digesters. As a result the digesters become non-
functional a few weeks after start-up [25]. In a like man-
ner ipomoea also clogs the continuously stirred tank
reactors (CSTR) used in most developed countries for
anaerobically digesting piggery and dairy wastes.
But, we reason, if volatile fatty acids (VFAs) can be
extracted from ipomoea leaves in the form of aqueous slurry,
by acid-phase digestion of the weed, such a slurry can be used
as feed for any and all types of anaerobic digesters, low-rate as
well as high-rate [26]. In this manner it appears possible to gen-
erate clean energy in the form of ﬂammable biogas from about
70% of the biomass contained in ipomoea without jeopardiz-
ing any anaerobic digester. The present work has resulted from
the pursuit of this strategy. The acid-phase digestion wasTable 1 A typical set of results-pertaining to series B. Figures in p
Day of reactor
operation
VFA content in control reactors,
mg/L
VFA content in
mg/L
X Y
1.0% 2.5% 5.0% 1.0%
5th 31.4 94.3 188.6 1953.8
6th 31.4 94.3 204.3 2050.0
7th 47.2 110 188.6 2403.6
8th 31.4 94.3 188.6 2736.8
9th 31.2 125.7 220.3 3053.7
10th 62.9 110 220.3 3583.4
11th 47.2 110 251.5 3347.6
12th 59.04 110 188.6 3136.5
13th 62.9 92.3 157.2 2767.5accomplished in simple, intermittently stirred, tank reactors.
The microorganisms required for this purpose were obtained
from cow manure, commonly called cow dung, which is rich
in the cellulolytic, acidogenic, and acetogenic bacteria, besides
enzymes, that are capable of biodegrading phytomass. As
rumens are capable of digesting lignocellulosic biomass, their
excrement is rich in microorganisms that accomplish the
digestion.Material and methods
All chemicals were analytical regent grade unless otherwise
speciﬁed. Alkali-resistant glassware and deionized, double-
distilled, water were used for all analytical work.
Healthy, adult, plants of ipomoea were collected from loca-
tions in and near the Pondicherry University campus. Their
leaves were plucked and were liberally washed with water
and wiped. Dry weight of the leaves was determined by taking
three separate randomly picked samples, weighting them (fresh
weight), and then oven drying them at 105 C to a constant
weight. Fresh cow dung, used as inoculum, was obtained from
a nearby dairy. Its dry weight was also determined at 105 C.
All the calculations of the VFA yield have been done by taking
the dry weight of ipomoea as the basis.
The reactors for VFA extraction consisted of 15 L plastic
containers provided with a tap at the bottom to drain off the
contents at the end of each experiment. A set of six such reac-
tors were employed, charged as follows:
R1A : Ipomoea 1.5 kg + 12 L water containing 1% cow dung
R2A : As above but without ipomoea
R3A : Ipomoea 1.5 kg + 12 L water containing 2.5% cow dung
R4A : As above but without ipomoea
R5A : Ipomoea 1.5 kg + 12 L water containing 5% cow dung
R6A : As above but without ipomoeaer
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mThe reactor contents were mixed manually with a ﬁber–
glass rod once every 8 h and the reactor tops were covered with
nylon mesh to keep off insects while at the same time ensuring
sufﬁcient supply of air to the reactants so that anaerobic con-
ditions do not set in.
Twenty-four hours from the start of each reactor, the con-
tents were stirred and coarse solids were allowed to settle for
10 min. Four 25 mL samples were then drawn from differentresent cow dung inoculum (wt%).
oea-fed reactors, VFA generated from ipomoea,
mg/L
(Y  X)
5.0% 1.0% 2.5% 5.0%
3551.9 1922.4 2294.6 3576.4
3583.4 2012.9 2577.5 3379.1
3803.4 2356.4 2813.3 3614.8
4023.5 2705.4 3206.2 3834.9
4829.8 3022.5 3834.7 4589.3
4997.9 3300.4 3882 4777.6
5155.1 3347.6 3772 4903.6
4335.8 3077.5 3764.5 4147.2
3636.3 2704.6 3013.5 3479.1
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Fig. 1 Pattern of VFA production from ipomoea in the three
sets (A, B, C) of reactors inoculated with 1% ( ), 2.5% ( ), and
5% ( ) cow dung.
Complex organic matter
(carbohydrates, proteins, fats)
present in ipomoea
Soluble organic molecules
(sugars, amino acids, fatty acids)
Hydrolysis
Fatty Acids 
Acidogenesis
Acetic acid
Acetogenesis
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Fig. 2 Steps associated with the production of VFAs from
ipomoea.
Volatile fatty acids from ipomoea 75points in the reactor, and pooled. The volume thus displaced
was compensated with an equal volume of water. In subse-
quent days also, samples were drawn in this manner.
The pooled sample was centrifuged and ﬁltered to remove a
few particulates that were present before it was transferred to a
500 mL distillation ﬂask. To it 100 mL of water and 5 mL
H2SO4 were mixed. After introducing bubblers in the form
of the 4–5 pieces of broken glass, the contents were distilled
at the rate of about 5 mL per minute. The ﬁrst 15 mL of distil-
late was discarded and 150 mL of subsequent distillate was
used to estimate VFA concentration by titration with standard
NaOH using phenolphthalein indicator. This was in accor-
dance with the distillation-cum-titration procedure described
among standard methods [27]. Based on a large number of
tests done prior to the analysis of the samples, in which known
quantities of acetic acid were distilled and their recoveries
quantiﬁed, concentration-recovery curves had been obtained
for different ranges of acetic acid concentrations. These
calibration curves were then used to make the sample VFAassay as accurate as possible. The distillation-cum-titration
procedure was preferred by us over the other option [27],
which provides for separation by column chromatography
and assay by acid–base titration, because the former is quicker,
and has adequate accuracy and precision.
After the ﬁrst round of experiments (series A) was over, the
reactors were cleaned and the entire experiment was repeated
using a fresh harvest of ipomoea and freshly acquired cow
dung (series B). It was done yet again once more (series C).
This way reproducibility was tested vis a vis VFA extraction
carried out with different harvests of ipomoea, different
sources of cow dung inoculum, and at different times.
Results and discussion
VFA yield
Tremendous compaction was seen to occur once ipomoea
leaves were put under aqueous slurry. Apparently the
entrained air which provides the bulk to the leaves is released
as the leaves soften under water, leading to agglomeration.
Within a few hours the bulk was reduced by several times of
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76 M. Raﬁq Kumar et al.its original volume. The VFA concentration in ipomoea-fed
reactors was always 20-times or more than in the control reac-
tors, indicating that VFA production from ipomoea had com-
menced as soon as the reactors were started. A typical set of
results is presented in Table 1. The VFA production, caused
by the enzymes and the bacteria present in the cow dung,
can be attributed to the ﬁrst three steps that are known to
be associated in the anaerobic digestion of organic substances
[28–30] (Fig. 2):
1. The exoenzymes (hydrolase) present in cow dung crack
large protein macromolecules, fats, and carbohydrate
polymers into water soluble monomers (amino acids,
long-chain fatty acids, and sugars).
2. The monomers are then converted into short-chain
(C1–C5) fatty acids-principally lactic, propionic, buty-
ric, and valeric acid.
3. The homoacetogenic microorganisms consume these
acids to generate acetic acid, carbon dioxide, and
hydrogen. Hence the main product, 90% or more, of
acetogenesis is acetic acid while minor quantities of
propionic acid and traces of higher acids, which had
escaped degradation, are also present [31,30].
As may be seen from Table 1, VFA concentrations gener-
ated in control reactors have been deducted from VFA concen-
trations that developed in the ipomoea-fed reactors to obtain
VFA generated by the weed alone. From this information
VFA generation per kilogram of dried ipomoea has been cal-
culated for all the reactors (Table 2). It may be seen that the
relative error in triplicate determinations is mostly less than
10% and is above 15% in only three instances – the 5th and
6th day performances of 2.5% cow dung-inoculated reactors
and the 5th day performance of the 5% cow dung-inoculated
reactors. During the 10th and 11th day of reactor operation,
when VFA levels attained their highest, the relative error
was below 5% in ﬁve of the six sets. Considering the heteroge-
neity and natural variability of the reactor feed, and consider-
ing the fact that the reactors were operated at different periods
of time at ambient temperatures which ranged between 27 C
and 35 C, the reproducibility in the reactor performance as
well as the robustness of the process can be considered as very
good.
During the ﬁrst four days of reactor operation, the VFA
yield was low but it approached or crossed 50 g/kg ipomoea
by the 5th day. By 13th day the VFA production had passed
the peak in all the reactors. Hence the results have been
reported for the 5th to 13th day of reactor operation in all cases.
The pattern of VFA production in this period in all the three
series of experiments is shown in Fig. 1. The VFA yield is seen
to peak by the 10th or the 11th day and then declines. In most
of the reactors the VFA production followed the order of the
cow dung inoculation: 5%> 2.5%> 1% but the difference in
peak VFA generation was always less than 20% between suc-
cessive inoculum concentrations.
All-in-all, VFA yields of the order of 112 ± 12 g per kg of
ipomoea were achievable within 10–11 days of reactor opera-
tion, representing conversion of over 10% of ipomoea into
energy precursors. These precursors can be converted into
methane within 24 h or lesser in high-rate anaerobic digesters
[26].
Volatile fatty acids from ipomoea 77Potentially favorable process operation and process economics
The economics of any process essentially depends on the over-
all hydraulic retention time (HRT) of the process because
HRT controls the reactor size which in turn controls the pro-
cess economics [21]. Of course operational costs are also
important but only if they depend on high inputs of energy
or cause substantial wastage of materials.
Whereas the continuously stirred tank reactors (CSTRs)
which have been tried in the past to process phytomass like
ipomoea have an HRT of 15–20 days, and need continuous
input of energy for stirring the water-ipomoea slurry, the over-
all HRT of the presently reported process is under 12 days.
Moreover the 10-day acid-phase part requires only occasional
stirring hence energy inputs are much lesser.
The VFA-laden slurry is very easy to separate from the
parent weed because the latter settles out very quickly. Hence
the supernatant of the VFA reactors can be easily transferred
to any existing anaerobic digester or to the one speciﬁcally
set for handling ipomoea-based VFAs. The process has the
basic features suitable for scaling up as sequential batch reac-
tors or continuously operated units. It can be said that the
process as reported by us is simple, frugal, reproducible,
and robust.
Attempts to convert the spent ipomoea into an organic fer-
tilizer by vermicomposting are presently under way so that
total disposal of ipomoea can be made possible.
Conclusions
Volatile fatty acids (VFAs) were obtained from the amphibi-
ous weed ipomoea (I. carnea) in simple to install and easy to
operate reactors. The weed was acted upon by the cellulolytic
and acidogenic microorganisms present in cow dung with
which the reactors were inoculated.
VFA production started within hours of the mixing of the
reactants and peaked by the 10th or 11th day in all the reactors,
effecting a conversion of over 10% of the biomass into VFAs.
As the VFAs are directly utilizable as feed in any and all types
of anaerobic digesters to obtain energy in the form of methane,
the present work opens up the possibility of large-scale utiliza-
tion of ipomoea as an energy source.
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